Objective: Previous studies have shown strong parental influences on adolescent overweight. However, longitudinal data is scarce on gender-specific effects of parental body mass index (BMI) on offspring overweight. The objective of this study was to examine the associations of parental pre-pregnancy BMI, weight change, BMI and BMI class transition 16 years after pregnancy with the BMI of their 16-year-old children. Subjects and methods: The study population was derived from the general population-based Northern Finland Birth Cohort 1986. A total of 4788 child-mother-father trios (2325 boys, 2463 girls) were analysed. Weight and height of the adolescents were measured and overweight and obesity defined according to the International Obesity Task Force. For the parents, selfreported data were obtained and overweight and obesity defined according to the World Health Organization. Associations of parental BMI status and weight change with offspring BMI were assessed using binary logistic regression analyses stratified by gender and adjusted for parental age and education. Results: Children whose both parents were overweight or obese both before pregnancy and after 16-year follow-up had a strikingly high risk of overweight at age 16 years (boys odds ratio (OR) 5.66 95% confidence interval (CI) 3.12, 10.27; girls OR 14.84 95% CI 7.41, 29.73). Parental pre-pregnancy obesity strongly predicted offspring overweight (mother-son OR 4.36 95% CI 2. 50, 7.59; 6.68; 5.92; 10.07). Conclusion: Parental overweight conveys a major risk for overweight in children for which both parents' long-term overweight (BMI X25 kg m À2 before pregnancy and after 16-year follow-up) was the strongest single predictor. Preventing intergenerational transmission of obesity by helping parents to maintain a healthy weight is an essential target for public health.
Introduction
The rapid increase in the prevalence of childhood overweight and obesity poses a significant public health concern.
1 In addition to numerous adverse health effects in the short term and an increased risk of being bullied, 2, 3 overweight and obesity in youth are associated with excessive adult weight and morbidity. Systematic reviews on childhood overweight tracking consistently report persistence of weight status from youth to adulthood. 4, 5 The risk of obesity in adulthood is at least twofold for obese children than for non-obese children. Tracking of overweight to adulthood is more likely at high levels of obesity and in late childhood. 4, 5 Overweight is a strong, yet modifiable risk factor for type 2 diabetes and cardiovascular disease. It has been shown that lifestyle intervention can delay or prevent the progression of overweight, insulin resistance and related cardiometabolic disease. 6 Thus, identifying lifetime risk factors for overweight as early as possible is essential. Parental body mass index (BMI) is a strong predictor of offspring BMI. The effect of parental BMI on children's BMI seems to encompass all ages of offspring [7] [8] [9] [10] and probably includes both genetic and environmental components. 11, 12 Maternal weight is more influential on birthweight than paternal weight. 13, 14 Children whose both parents are overweight or obese have a higher risk of overweight than children with only one overweight or obese parent. 7, 15 In both genders, maternal BMI seems to have a stronger association with offspring BMI than paternal BMI, [15] [16] [17] [18] although this difference has not been observed in some studies. 14, 19 In a prospective study in pre-pubertal children, a gender-assortative relationship between parental BMI and offspring weight gain was seen. 20 In this study, we investigated associations of maternal and paternal pre-pregnancy BMI, weight change, BMI and BMI class change 16 years after pregnancy with offspring overweight at the age of 16.
Subjects and methods

Subjects and study design
The study population was derived from the Northern Finland Birth Cohort 1986, which includes 99% of births in the two northernmost provinces of Finland with an expected delivery date between 1 July 1985 and 30 June 1986 (n ¼ 9479 offspring, n ¼ 9362 mothers). 21 Children and their parents have been prospectively studied since the 12th gestational week. The latest follow-up, in 2001-2002 at offspring age 16 years, consisted of questionnaires for parents and children (response rates 76%, n ¼ 6985, and 80%, n ¼ 7344, respectively) and a clinical examination of the children (participation rate 74%, n ¼ 6798) for those alive and traceable. For this analysis, we hierarchically excluded participants who refused the use of their data (n ¼ 153), had missing values for age or clinically measured height or weight (n ¼ 40), did not live with both of their biological parents at 16-year follow-up (n ¼ 1341) or data was missing (n ¼ 476). Altogether 4788 mother-father-child trios (2463 boys and 2325 girls) were included in the further analyses ( Figure 1 ). Among the final sample, there were 98 twin individuals. The Ethics Committee of the Northern Osthrobothnia Hospital District approved the study and written informed consents were obtained from all adolescents and their parents. The equivalent BMI categories for the parents were normal weight/underweight o25.0 kg m Health Organization international classification of adult BMI. Parental weight change over the 16-year follow-up was categorized as less than or equal to À3.0 kg, À2.9 to þ 2.9 kg (no change), þ 3.0 to þ 7.9 kg, þ 8.0 to þ 17.9 kg Intergenerational transmission of overweight A Jääskeläinen et al and greater than or equal to þ 18.0 kg. Parental BMI status change was defined as: (1) remained normal weight, (2) gained weight from normal weight to overweight/obese or (3) remained overweight/obese. These three classes were then combined into seven categories for parental BMI class change variable: (1) both mother and father had remained normal weight; (2) mother had remained normal weight, father had become overweight/obese; (3) father had remained normal weight, mother had become overweight/ obese; (4) one parent had remained normal weight, the other had remained overweight/obese; (5) both mother and father had become overweight/obese; (6) one parent had remained overweight/obese, the other had become overweight/obese; and (7) both mother and father had remained overweight/ obese. Possible confounders of associations between outcome and explanatory variables considered were maternal and paternal age, and education level (serving as a proxy for socioeconomic status), and for parental weight change, also pre-pregnancy BMI. Parental education was classified according to the modified International Standard Classification of Education definition as p9 years (basic), 10-12 years (upper secondary) or X13 years (tertiary). 23 Parental pre-pregnancy BMI was categorized in three classes as described above whereas age was treated as a continuous confounding variable.
Data collection
Statistical analysis
Statistical analyses were carried out using the Statistical Package for the Social Sciences, version 17.0 (SPSS Inc., Chicago, IL, USA). Logistic regression analyses were used to evaluate independent associations of parental factors with the binary outcome variable (offspring non-overweight versus overweight). All analyses were stratified by offspring gender. All odds ratios (ORs) were adjusted for parental age and education. Parental weight change was further controlled for parental pre-pregnancy BMI. The distributions of variables for clinical characteristics are presented as means and 95% confidence intervals (CIs). Categorical data are presented as percentages and 95% CIs.
Results
The characteristics and anthropometric measures of the mothers and fathers at the beginning of and after the 16-year follow-up period and of the children at 16 years are presented in Table 2 ). Likewise, paternal overweight and obesity were significant predictors of adolescents' overweight ( Table 3 ). The association of paternal pre-pregnancy overweight and obesity with overweight and obesity in adolescence was stronger in girls than in boys.
Maternal weight change was a significant predictor for overweight in both genders at the highest levels of weight gain (Table 2) . By contrast, paternal weight gain X18 kg predicted adolescent overweight only in girls (OR 1.84 95% CI 1.11, 3.07; Table 3 ).
Among different parental BMI change patterns (Table 4) , the largest proportions of overweight offspring (33.3% for sons, 34.0% for daughters) were in the category of parents who were overweight from pre-pregnancy to the 16-year follow-up. Long-term overweight of both parents was a strikingly strong predictor for the risk of overweight in children, especially girls (boys OR 5.66 95% CI 3.12, 10.27, girls OR 14.84 95% CI 7.41, 29.73). Similarly, when one parent was overweight/obese during the whole follow-up period and the other either remained normal weight or Intergenerational transmission of overweight A Jääskeläinen et al 
Discussion
In this study, both maternal and paternal BMI before pregnancy and 16 years after pregnancy predicted offspring BMI at age 16 years among intact families. The children whose parents were overweight during the whole follow-up period had a strikingly high risk of being overweight. The prevalence of overweight and obesity has reached epidemic proportions in children and in adults over the last decades of the 20th century. 24, 25 In previous studies, maternal weight has been found to be a better predictor of childhood weight than paternal weight [15] [16] [17] with only a few studies providing contradicting evidence. 14, 19 In a large, population-based sample where parental weights were measured, the maternal effect on the obesity of offspring aged 2-15 years was significantly stronger than the paternal effect without any gender-linked associations. 18 In our study, paternal pre-pregnancy overweight and obesity were stronger predictors for the overweight of daughters than for the overweight of sons. As the associations of maternal pre-pregnancy BMI with offspring BMI were not consistently stronger than the associations of paternal pre-pregnancy BMI with offspring BMI, our findings do not lend support to the fetal overnutrition hypothesis. On the other hand, our study suggests pronounced effect of maternal pre-pregnancy BMI on the male offspring BMI. Nearly two-fifth of the sons of mothers who were obese before gestation were overweight, whereas the proportion of overweight daughters of obese mothers was less than one-third. In this study, long-term overweight of both parents appeared to have a greater impact on the risk of offspring overweight than parental weight gain from normal weight to overweight/obesity during the 16-year follow-up period. This may be at least partially explained by increased genetic susceptibility to obesity due to genetically obesity-prone parents. The effect of common obesity-related gene variants, for example, in the FTO gene, can be seen already in children. 28 Monogenic forms of obesity could account for some of the severe, early-onset obesity cases in the cohort, although they have not been analysed. Alternatively, it could be the result of unfavourable health behaviours (sedentary lifestyle, dietary habits) adopted by the parents in their youth and subsequently passed on to the offspring. However, it is likely that multiple genetic, behavioural and environmental components act synergistically in the development of obesity, for example through the regulation of food intake. 29 A major strength of this study is the large general population-based sample and prospective data collection with remarkably high follow-up participation rates, ranging from 74% (clinical examination) to 80% (postal questionnaire for adolescents) at the 16-year follow-up. To our knowledge, this is the first study using longitudinal data collected from pre-pregnancy to adolescence for assessing associations of both maternal and paternal weight status with offspring overweight. The inclusion of both mothers and fathers in the analyses allowed for comparisons of effect sizes between parents. The adolescents' BMI was based on objective measurements, which enhances the accuracy of the findings. However, data on parental height, weight and education were self-reported; thus, the results might be affected by measurement error and social desirability bias. Self-reported data underestimate overweight prevalence, as weight is generally underreported and height is generally overreported. 30 This would introduce bias towards the null.
However, the difference in mean height between baseline and follow-up for both mothers and fathers was small and was not substantially affected by the exclusion of the most deviant values. It is also possible that the study participation rate for overweight adolescents was lower than for normal weight adolescents, which would dilute associations between groups. In this study, cases of non-paternity could not be ruled out. However, the adolescents who self-reportedly were not living with both biological parents were excluded from the analyses. The situation of youths in one-parent families or stepfamilies was not addressed in this study and warrants further examination. Our study indicates that pre-pregnancy BMI of mothers and fathers alike is a strong predictor of BMI in adolescent offspring. The risk for overweight is particularly high for daughters of parents who remain overweight throughout the offspring's childhood and adolescence. Moreover, our study shows the beneficial effect of avoidance of parental weight gain on the body size of their offspring on the brink of adulthood. These findings highlight the importance of targeting the whole family in preventing excessive weight gain in youth.
